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The ionic complexes simultaneously containing negatively charged coordination structures
of metal phthalocyanines and fullerene anions, viz., {MnIIPc(CH3CH2S–)x•(I–)1–x}•(C60

•–)•

•(PMDAE+)2•C6H4Cl2 (PMDAE is N,N,N´,N´,N´�pentamethyldiaminoethane, x = 0.87, 1)
and {ZnIIPc(CH3CH2S–)у•(I–)1–y}2•(C60

–)2•(PMDAE+)4•(C6H4Cl2) (y = 0.5, 2) were syn�
thesized. The both compounds were obtained as single crystals, which made it possible to study
their crystal structures. In complex 1, the fullerene radical anions form honeycomb�like layers
in which each fullerene has three neighbors with center�to�center interfullerene distances of
10.13—10.29 Å. Rather long distances between the C60

•– radical anions results in the retention
of monomeric C60

•– in this complex down to the temperature of 110(2) K. In complex 2,
fullerenes form dimers (C60

–)2 bonded by one C—C bond. The dimers are packed in corrugated
honeycomb�like layers with interfullerene center�to�center distances of 9.90—10.11 Å.
Manganese(II) and zinc(II) phthalocyanines coordinate iodide and ethanethiolate anions to the
central metal atom to form unusual negatively charged coordination structures MIIPc(An–)
(An– is anion) packed in dimers {MIIPc(An–)}2 with a short distance between the phthalo�
cyanine planes (3.14 Å in 1 and 3.27 Å in 2). The pthalocyanine dimers also form layers with the
PMDAE+ cations, and these layers alternate with the fullerene layers. The packing of spherical
fullerenes with planar phthalocyanine molecules is attained by the insertion of fullerenes between
the phenylene groups of phthalocyanines. The π—π�interactions of the porphyrin macrocycle
with five� or six�membered fullerene rings are characteristic of the earlier studied ionic porphy�
rin and fullerene complexes. Such interactions are not observed for ionic complexes 1 and 2.

Key words: fullerene С60, manganese(II) and zinc(II) phthalocyanines, crystal structure,
dimerization of C60

•–, coordination of anions with metal phthalocyanines.

Considerable interest given presently to the synthesis
and study of the fullerene complexes with metal porphy�
rins is due to promising photophysical properties of these
complexes1 and wide possibilities of obtaining crystals of
metal porphyrin complexes with endometallofullerenes,
higher fullerenes, and chemically modified fulleneres,
which makes it possible to study their molecular struc�
tures.2—5 Ionic complexes of fullerenes with metal por�
phyrins can exhibit high conductivity and magnetic spin
ordering.6 The synthesis of these compounds allows one to
study the structures and properties of negatively charged
fullerenes in them. The ionic fullerene complexes with
metal porphyrins have been synthesized for the first time
with chromium tetraphenylporphyrinate (CrIITPP) and
tin tetratolylporphyrinate (SnIITTolP), which are strong
donors capable of direct reducing fullerenes in the pres�

ence of coordinating ligands.7,8 The most part of metal
porphyrins (M = Zn, Mn, Co, Fe) have weak donor prop�
erties toward fullerenes and form only molecular com�
plexes with the latter.9—11 Such metal porphyrins can be
involved in ionic complexes with fullerenes (Cat+)•(C60

•–)
due to the formation of coordination bonds between the
metal porphyrin and nitrogen�containing cation (Cat+)12—17

or due to coordination bonds M(metal porphyrin)—С(C60
–)

with the fullerene anion.18—20 In the first case, positively
charged coordination structures (Cat+)n•(MIIPorph)
(Porph is porphyrin, n = 1 or 2) are formed in solu�
tion. They interact with fullerene radical anions or
dianions to form multicomponent ionic complexes
{(Cat+)n•(MIIPorph)}•(C60

n–) (n = 1 or 2). In the ionic
complexes of metal porphyrins with fullerenes, the ful�
lerene anions form various packings and σ�bonded fuller�



Konarev et al.1064 Russ.Chem.Bull., Int.Ed., Vol. 60, No. 6, June, 2011

ene structures: one�dimensional chains of C60
•–,12,13 iso�

lated dianions C60
2–,14 diamagnetic dimers (C60

–)2 and
(C70

–)2 bound by one С—С bond,12,15 paramagnetic
dimers (C60

–)2 bound by two С—С bonds,16 and diamag�
netic coordinately bound structures with cobalt(II) tetra�
phenyl� and octaethylporphyrinates: {CoIITPP•(C60

–)},18,19

{CoIIOEP•(C60
–)},13,20 and {(MDABCO+)•CoIIOEP•

•(C60
–)} (MDABCO is N�methyldiazabicyclooctane (4�aza�

1�methylazoniabicyclo[2.2.2]octane) cation).20

Like metal porphyrins, phthalocyanines represent
a large class of macroheterocyclic compounds widely used
as dyes and photoactive, magnetic, and conducting mate�
rials.21—23 Phthalocyanines contain a large planar macro�
cycle, which does not allow them to cocrystallize with
neutral spherical fullerenes. In fact, molecular complexes
of fullerenes with phthalocyanines have not been obtained
so far. Only dyads are known in which phthalocyanines
are covalently24 or coordinately25 bound to fullerenes. Co�
ordination dyads are formed with fullerenes including
nitrogen�containing substituents: pyridine or imidazole.25

In this work, we synthesized for the first time the ionic
complexes of fullerenes with metal phthalocyanines. The
methods for synthesis of such complexes are similar to
those developed by us earlier for ionic fullerene complexes
with metal porphyrinates. However, it turned out that the
formation of the ionic fullerene complexes with phthalo�
cyanines follows quite different scheme. Metal porphyrins
coordinate nitrogen�containing cations to form positively
charged coordination structures {(Cat+)n•(MIIPorph)}
giving multicomponent ionic complexes with C60

n– (n = 1
or 2). Unlike this, negatively charged ligands coordinate

to the metal of phthalocyanines, and the ionic compound
of phthalocyanine and fullerene is formed as a binary salt
containing two different anions {MIIPc(An–)}•(C60

•–)•

•(Cat+)2. Compounds {MnIIPc(EtS–)x•(I–)1–x}•(C60
•–)•

•(PMDAE+)2•C6H4Cl2 (PMDAE is N,N,N´,N´,N´�penta�
methyldiaminoethane, x = 0.87, 1) and {ZnIIPc(EtS–)у•

•(I–)1–y}2•(C60
–)2•(PMDAE+)4•(C6H4Cl2) (y = 0.5, 2)

(Fig. 1) were obtained as single crystals, which made it
possible to study their crystal structures. Specific features
of the packings of the spherical fullerene molecules with
the planar phthalocyanine molecules and coordination of
the iodide and ethanethiolate anions to the metal phtha�
locyanines were considered.

Experimental

Manganese(II) and zinc(II) phthalocyanines, sodium ethan�
ethiolate, N,N,N´,N´�tetramethyldiaminoethane, and methyl
iodide were purchased from Aldrich. Fullerene C60 (purity
99.9%) was used. Solvents were purified by distillation in argon.
o�Dichlorobenzene was distilled with CaH2 in vacuo, benzoni�
trile was distilled over sodium in vacuo, and hexane was distilled
over Na/benzophenone. Prior to use the solvents were degassed
and stored in a box with an inert atmosphere. All procedures on
the preparation of solutions and crystal growth were carried out
in a box with an inert atmosphere (MBraun 150B�G) and oxygen
and water contents lower than 1 ppm. Pellets in KBr for IR
spectra were also prepared in the box.

Synthesis of the compounds. N,N,N´,N´,N´�Pentamethyl�
diaminoethane iodide (PMDAE•I) was obtained by the addi�
tion of MeI (0.75 mL, 0.012 mmol) to a solution of TMDAE
(2 mL, 0.013 mmol) in acetonitrile (10 mL) with stirring. After

Fig. 1. Molecular structures of the components of the complexes {MnIIPc(EtS–)x•(I–)1–x}•(C60
•–)•(PMDAE+)2•C6H4Cl2 (x = 0.87, 1)

and {ZnIIPc(EtS–)у•(I–)1–y}2•(C60
–)2•(PMDAE+)4•(C6H4Cl2) (y = 0.5, 2). Manganese(II) and zinc(II) phthalocyanines coordinate

ethanethiolate and iodide anions in ratios of 0.87 : 0.13 (1) and 0.50 : 0.50 (2).

MIIPc(I–) C60
•–

MIIPc(EtS–) (C60
–)2

N+

PMDAE+
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Table 1. Selected crystallographic data for complexes 1 and 2

Parameter 1 2

Empirical formula C113.74H62.35Cl2I0.13MnN12S0.87 C220H117Cl2IN24SZn2
М 1767.22 3456.98
Crystal system Triclinic Monoclinic
Space group P1

–
P21/c

a/Å 13.1279(4) 22.1805(19)
b/Å 16.3136(5) 15.6157(8)
c/Å 20.2040(6) 24.013(2)
α/deg 112.581(3) 90.00
β/deg 92.136(3) 116.140(11)
γ/deg 104.376(3) 90.00
V/Å3 3827.4(2) 7466.7(10)
Z 2 2
dcalc/g cm–3 1.533 1.538
μ/mm–1 0.388 0.654
F(000) 1817 3536
Texp/K 110(2) 120(2)
2θmax/deg 57.4 55.76
Number of reflections 47397 52746
Number of independent reflections 19683 17190
Number of parameters/restraints 1839/1011 1709/1567
Number of reflections with F > 2σ (F) 17421 11340
R Factor [F > 2σ (F)] 0.0455 0.0743
wR 0.1192 0.1835
GOF 1.002 1.024
CCDC No. 800158 811700

MeI was added, the solution was stirred for 2 h and then placed
in a refrigerator at –24 °C for ~14 h. White crystals of PMDAE•I
were filtered off, washed with ether, and dried in air. The yield
of the salt was 1.3 g (40%).

The crystals of complex {MnIIPc(EtS–)x•(I–)1—x}•(C60
•–)•

•(PMDAE+)2•C6H4Cl2 (x = 0.87, 1) were obtained by the dif�
fusion method. Fullerene C60 (30 mg, 0.042 mmol), fresh sodi�
um ethanethiolate (30 mg, 0.36 mmol), an excess of PMDAE•I
(100 mg, 0.175 mmol), and MnIIPc (24 mg, 0.042 mmol) were
stirred in 14 mL of a C6H4Cl2—C6H5CN (6 : 1) mixture for 4 h
at 60 °C. On stirring the solution turned saturated blue, and
phthalocyanine and fullerene were completely dissolved. The
solution was cooled to ~20 °С and filtered into a 50�mL glass
tube with the ground�in stopper. Hexane (26 mL) was layered
onto the obtained solution. Diffusion was carried out for 1 month,
after which the solvent was poured down and the crystals formed
on the tube walls were collected and washed with hexane. It is
seen in a microscope that the mixture consists of crystals of two
phases different in shape. The first phase represents black trian�
gular prisms with copper luster characteristic of phthalocyanines
(50% yield). The crystals were selected by the shape using
a microscope, and the selected testing of these crystals in X�ray
diffraction showed that all of them belonged to the same phase.
The composition of the crystals {MnIIPc(EtS–)x•(I–)1—x}•

•(C60
•–)•(PMDAE+)2•C6H4Cl2 (x = 0.87, 1) was established

by X�ray diffraction data and confirmed by microprobe X�ray
analysis using a SUPRA�50UP electron microscope. The ob�
tained ratio of heavy elements in the crystals (Mn : I : S : Cl =
= 1.00 : 0.22 : 0.84 : 2.10) is rather close to that calculated for
the composition determined using X�ray diffraction on a single

crystal (1.00 : 0.13 : 0.87 : 2.00). The crystals of the second phase
are black elongated prisms with the square cross�section with
characteristic copper luster. They were obtained in a lower yield
of 30%. The selected testing of the single crystals by X�ray dif�
fraction showed that they belonged to another phase and by the
crystal cell parameters were isostructural to the crystals of com�
plex 2 described further.

The crystals of the ionic fullerene complex with zinc(II)
phthalocyanine (2) were synthesized similarly using ZnIIPc. The
crystals of two types were obtained: triangular prisms and elon�
gated prisms with the square cross�section. The X�ray diffraction
analysis showed that the crystals in the form of triangular prisms were
isostructural to the crystals of complex 1. The full X�ray diffraction
analysis was carried out for the elongated prisms of square cross�
section and their composition was established to be {ZnIIPc(EtS–)у•

•(I–)1—y}2•(C60
–)2•(PMDAE+)4•(C6H4Cl2) (y = 0.5, 2).

X�ray diffraction analysis. The X�ray diffraction data for crys�
tals 1 and 2 were collected on an Oxford Diffraction Gemini�R
diffractometer with a CCD detector (Mo�Kα radiation,
λ = 0.71073 Å) equipped with an Oxford Instruments Cryojet
System cryostat. The data were collected using ϕ and ω scan
modes with an frame width of 0.3° and a storage of 30 s per
frame. The data were integrated, sorted out, and averaged using
the CrysAlisPro program package (Oxford Diffraction Ltd.). The
structure was solved by a direct method and refined by least
squares on F 2 using the SHELX�97 program.26 All non�hydrogen
atoms were refined in the anisotropic approximation. The posi�
tions of hydrogen atoms were calculated geometrically. Selected
crystallographic data, including the numbers in the Cambridge
Crystallographic Data Centre for 1 and 2, are given in Table 1.
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Disorder in the structures of complexes 1 and 2. The struc�
tures of complexes 1 and 2 are characterized by structural disor�
der, which is rather often observed in the neutral and ionic
fullerene complexes.11,13,19 In complex 1, the radical anion C60

•–

is disordered between two orientations with occupancies of
0.687(2)/0.313(2). One of the two cations PMDAE+ is disor�
dered over three positions with the 0.55/0.25/0.20 occupancy.
The solvent molecule C6H4Cl2 is disordered over two positions
with the 0.55/0.45 occupancies. In the structure of complex 2 ,
the radical anions C60

•– dimerize to form the dimer (С60
–)2

bound by one С—С bond. The dimers are disordered with one
main orientation having the 0.85 occupancy, whereas the second
orientation has an orientation of 0.15 only. The both PMDAE+

cations in complex 2 are disordered over two orientations with
0.50/0.50 and 0.70/0.30 occupancies. Only orientations with the
maximum occupancies are shown for all disordered components
in Figs 1—4. Intermolecular distances were also estimated for
the components with the maximum occupancy.

A certain structural disorder is observed for the coordination
of the anions with metal phthalocyanines, because the iodide
and ethanethiolate anions coordinate to the metal in different
ratios. For complexes 1 and 2, these ratios are 0.87/0.13 and
0.50/0.50, respectively. Only one coordination structure with
the iodide anion {MIIPc•(I–)} is shown in Figs 2—4.

Results and Discussion

We have earlier developed the universal method for
the synthesis of ionic fullerene compounds with vari�
ous organic cations. The method is based on the reduc�
tion of fullerene with an excess of sodium thiolate in
a C6H4Cl2—C6H5CN (6 : 1) mixture in the presence of
salts of organic cations (Cat+)•(I–), where the sodium
cation is exchanged for an organic cation in the cationic

metathesis reaction. Excessive ethanethiolate and sodium
iodide are poorly soluble in the used mixture of solvents
and can be filtered off. Under these conditions, fullerene is
reduced only to the radical anion state. Salt (Cat+)•(C60

•–)
that formed as crystals is precipitated by hexane diffu�
sion.27,28 The addition of metal porphyrinate to the reac�
tion mixture makes it possible to obtain a wide range of
ionic multicomponent complexes (Cat1

+)n•(MIIPorph)
(n = 1 or 2).12—20

In the present work, the fullerene complexes with ph�
thalocyanines were synthesized by a similar reaction using
manganese(II) and zinc(II) phthalocyanines capable of ex�
tracoordinating. The organic cation used was PMDAE+,
whose one nitrogen atom can potentially participate in
coordination with metal phthalocyanines. During the re�
duction of fullerene, phthalocyanines are completely dis�
solved to form an intensely blue�colored solution. The
diffusion of hexane into this solution results in the forma�
tion of crystals of two types of different shapes. For both
manganese(II) and zinc(II) phthalocyanines, the crystals
were obtained as triangular and elongated prisms of square
cross�section; and the crystals of the same morphology
are isostructural. The structure and composition of the
triangular prisms were established for the complex with
manganese(II) phthalocyanine {MnIIPc•(EtS–)x•(I–)1–x}•

•(C60
•–)•(PMDAE+)2•C6H4Cl2 (x = 0.87, 1). The struc�

ture of the elongated prisms of square cross�section was
determined for the complex with zinc(II) phthalocyan�
ine {ZnIIPc(EtS–)у•(I–)1–y}2•(C60

–)2•(PMDAE+)4•

•(C6H4Cl2) (y = 0.5, 2).
It has earlier been shown that the reduction of fullerene

with sodium ethanethiolate in a C6H4Cl2—C6H5CN (6 : 1)

Fig. 2. Crystal structure of complex 1. The view along the axis с on the fullerene layers (a); the view on the phthalocyanine layers
containing the cations PMDAE+ (b); and the view along the fullerene and phthalocyanine layers (along the axis a), indicating the
interplay between the layers (c).
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mixture of solvents affords only fullerene radical an�
ions, while no dianions are formed. Phthalocyanines
have substantially more negative reduction potentials

(Ered
0/– = –0.69 V for MnIIPс and Ered

0/– = –0.86 V for
ZnIIPc)29,30 than the first reduction potential of fullerene
C60 (Ered

0/– = –0.44 V)31 and cannot be reduced during

Fig. 3. Crystal structure of complex 2. The view on the fullerene layers (a); the view on the fullerene layers containing the cations
PMDAE+ (b); and the view along the fullerene and phthalocyanine layers, indicating the interplay between the layers (c).
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a 0

b

c
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c
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c

Fig. 4. Environment of the dimer {MnIIPc(An–)}2 of four radical anions C60
•– in the crystal structure of 1. Arrows show directions

from fullerene to the nearest imine nitrogen atom of phthalocyanine.

a b
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fullerene reduction. Phthalocyanines themselves are al�
most insoluble in a C6H4Cl2—PhCN mixture. However,
since the reaction mixture include different anions (EtS–

and I–, and the iodide anions are produced by organic salt
PMDAE•I, whereas the ethanethiolate anions are present
in the reducing agent EtSNa), phthalocyanines form neg�
atively charged coordination structures MIIPc•(An–),
which results, most likely, to the dissolution of phthalocy�
anines during fullerene reduction. The cations PMDAE+

can also coordinate to the metal atom of phthalocyanines
(MIIPc) to form positively charged coordination struc�
tures MIIPc•(PMDAE+)n (n = 1 or 2). However, these
positively charged structures do not form ionic complexes
with C60

•–.12—20 In spite of the variety of ionic structures
of metal porphyrins with fullerenes, no case is known where
the iodide or ethanethiolate anion would coordinate to
metal porphyrin. This is the main distinction of metal
phthalocyanines from metal porphyrins.

In compounds 1 and 2, two PMDAE+ cations fall on
one coordination species MIIPc(An–) and one molecule
of fullerene C60. Fullerene has one negative charge, and
the negative charge of MIIPc(An–) is concentrated on the
ligand anion, due to which metal phthalocyanines remain
uncharged. This is related to the fact that manganese(II)
and zinc(II) phthalocyanines are reduced to substantially
more negative potentials than fullerenes. It follows from
the consideration of the redox potentials (MnIIPc is oxi�
dized at –0.08 V and is reduced at –0.69 V,29 ZnIIPc is
oxidized at +0.67 V and is reduced at –0.86 V,30 С60 is
reduced at –0.44 V, and the dianion is formed at –0.82 V
(see Ref. 31)) that C60

– can coexist only with neutral ph�
thalocyanine MIIPc. Other combinations of the charge
distribution, for instance, {MnIIIPc(An)} and C60

2– or
{MIPc(An)}2– and neutral С60 are unstable.

The data of IR spectroscopy for complexes 1 and 2 and
the formation of dimers (С60

–)2 bound by one С—С bond
in complex 2 also indicate the radical anion state of
fullerenes in these complexes.

Crystal structures of compounds 1 and 2. Complex 1
has a layered structure. Fullerenes form honeycomb�like
layers with large cavities, whose size is enough to incorpo�
rate two solvent molecules C6H4Cl2 (see Fig. 2, a). Nu�
merous van der Waals contacts C...C and Cl...C appear
between the solvent and fullerene. Each fullerene mole�
cule has three adjacent fullerenes with center�to�center
distances of 10.13, 10.16, and 10.29 Å. These distances are
near to the van der Waals diameter of the C60 molecule
(10.18 Å). No dimerization of C60

•– is observed in com�
plex 1 down to 110(2) K because of rather long distances
between the radical anions C60

•–, although C60
•– is strong�

ly prone to dimerization.15,27,37—41

Note that honeycomb�like fullerene layers with three
neighbors for each fullerene are also formed in the crystal
structure of complex 2; however, cavities in the layer
are substantially smaller and can incorporate only one

C6H4Cl2 molecule (see Fig. 3, a). The smaller cavities
result in the situation that the distances between the
fullerene anions in the layer decrease. Two adjacent
fullerenes have center�to�center distances of 9.90 and 10.11 Å
and shortened van der Waals С...С contacts (3.39 Å) are
formed between them. The distances with the third neigh�
bor in the direction of the crystallographic axis с are so
short that the radical anions C60

•– are dimerized in this
direction to form dimers (C60

–)2 bound by one С—С bond.
The distance between the centers of fullerenes in the dimers
(C60

–)2 in complex 2 is 9.27 Å and the С—С bond length
between the fullerenes is 1.594(7) Å, which is characteris�
tic of dimers (C60

–)2 of this type.15,27,37—41 It was shown
for many examples that the dimers (C60

–)2 bound by one
С—С bond are diamagnetic.15,27,37—41

In complexes 1 and 2, the coordination structures
MIIPc(An–) are packed into dimers {MIIPc(An–)}2 with
the parallel arrangement of the phthalocyanine planes and
short interplanar distances (see Figs 2, b and 3, b).
The contacts between the planes passed through eight
nitrogen atoms of the phthalocyanine cycle are 3.14 Å for
{MnIIPc(An–)}2 and 3.27 Å for {ZnIIPc(An–)}2. The short
interplanar contacts result in the formation of numerous
van der Waals contacts between two phthalocyanines in the
dimer. The phthalocyanine dimers and cations PMDAE+

lie between the fullerene layers and their packing can also
be considered as a layer in which the phthalocyanine chains
along the crystallographic axis b alternate with the chains
of the cations (see Figs 2, b and 3, b). The phthalocyanine
dimers in the chains of complexes 1 and 2 are arranged in
different manner. In the first case, all phthalocyanine
planes are parallel to each other (see Fig. 2, b), whereas in
the second case, the phthalocyanine planes in the adja�
cent chains are not parallel (see Fig. 3, b). Although phth�
alocyanines form chains, there are not short van der Waals
contacts between them (for the both complexes, the clos�
est contact С...С exceeds 3.6 Å). The cations PMDAE+

are oriented in the layer in such a way that the positively
charged groups —N+Me3 are close to the negatively
charged iodine and sulfur atoms in the coordination struc�
tures MIIPc(An–) (see Figs 2, b and 3, b).

The negatively charged layers of fullerenes and phthalo�
cyanines are retained together by the cations PMDAE+.
The honeycomb�like layers of fullerenes include large va�
cancies incorporated in part the phenylene substitu�
ents from two phthalocyanines composing the dimer
{MIIPc(An–)}2. As a result, each pair of fullerenes or the
dimer (C60

–)2 are surrounded in the structure by four
phthalocyanines (see Figs 2, c and 3, c) and, on the con�
trary, each phthalocyanine dimer {MIIPc(An–)}2 is sur�
rounded by four anions of fullerenes (see Fig. 4, a). of
these four fullerenes, two fullerenes are arranged closer to
one phthalocyanine of the dimer {MIIPc(An–)}2 and
two fullerenes are closer to another phthalocyanine (see
Fig. 4, b). Thus, the packing of spherical fullerene mole�



Ionic fullerene complexes with phthalocyanines Russ.Chem.Bull., Int.Ed., Vol. 60, No. 6, June, 2011 1069

cules and planar phthalocyanine molecules in crystal
is achieved due to the insertion of large fullerene mole�
cules between two phenylene groups of phthalocyanine in
front of its imine nitrogen atom. Fullerenes form several
somewhat shortened van der Waals contacts С...С with
the phenylene groups of phthalocyanine in the range
3.371—3.388 Å (they are shown by dashed lines in Fig. 4, a).
The earlier studied ionic complexes of porphyrins and
fullerenes are characterized by strong π—π�interactions of
the porphyrin macrocycle with five� and six�membered
cycles of fullerenes.11—20 These interactions are not ob�
served for ionic complexes 1 and 2. This is related to the
fact that for phthalocyanine the π—π�interaction with the
adjacent phthalocyanine molecule becomes more advan�
tageous, which results in the formation of the dimer
{MIIPc(An–)}2.

Specific features of coordination of anions with metal
phthalocyanines. Let us consider specific features of coor�
dination of the anions EtS– and I– with metal phthalo�
cyanines (see Fig. 1). The Mn—S and Mn—I bond lengths
in the coordination structures MnIIPc(EtS–) and MnIIPc(I–)
in complex 1 are 2.5217(8) and 2.8415(13) Å, respectively.
The manganese(II) atom has only one position for the
both structure, and no noticeable elongation of the ellip�
soid of the manganese(II) atom is observed. The averaged
length of the equatorial bonds Mn—N(Pc) is 1.9488(13) Å,
whereas the shift of the manganese(II) atom from the plane
of four nitrogen atoms of the phthalocyanine cycle is only
0.173(2) Å. The geometry of the coordination structures
MnIIPc(EtS–) and MnIIPc(I–) was determined for the
first time. Only one compound MnIIIPcI•(I2)0.5, in which
manganese(III) phthalocyanine coordinates the iodide an�
ion was described previously.32 This compound was syn�
thesized by the reaction of the manganese salt with phtha�
lonitrile in the presence of iodine vapor. In this compound
the Mn—I bond length is 2.731(2) Å, the averaged length
of the equatorial Mn—N(Pc) bond is 1.966(2) Å, and the
shift of the manganese atom from the plane of four nitro�
gen atoms is 0.261(2) Å. It should be mentioned that
the geometry of the coordination structures MnIIPc•L
with the pentacoordinate manganese(II) atom differs sub�
stantially from the geometry of analogous coordination
structures with manganese(II) tetraphenylporphyri�
nate MnIITPP•L in which the average equatorial bonds
Mn—N(Pc) are noticeably longer (2.0008—2.0012 Å) and
the shift of the manganese atom from the porphyrin plane
is substantially greater (0.40—0.56 Å) due to the high�spin
state of manganese (S = 5/2).13,15,33—35 It is shown36 that
the shorter equatorial bonds Mn—N(Pc) in the structures
MnIIPc•L are related to the intermediate spin state of
manganese(II) (S = 3/2).

The coordination structures ZnIIPc(EtS–) and
ZnIIPc(I–) in complex 2 differ noticeably from analogous
structures with MnIIPc. The zinc(II) atom also has only
one position in the both coordination structures. The

Zn—S and Zn—I bonds are substantially shorter (2.379(5)
and 2.703(3) Å, respectively). This results in the elonga�
tion of the average equatorial bonds Zn—N(Pc) in the
phthalocyanine molecule to 2.037(3) Å and the shift of
the zinc(II) atom from the plane of four nitrogen atoms of
the phthalocyanine cycle by 0.510(2) Å, which is notice�
ably larger than that for MnIIPc.

Thus, in this work we synthesized for the first time
ionic compounds 1 and 2 containing the fullerene anions
and coordination structures of manganese(II) and zinc(II)
phthalocyanines with the anions I– and EtS–. These struc�
tures are formed upon the coordination of the iodide
or ethanethiolate anions to the metal of phthalocya�
nine {MIIPc(An–)}, but the phthalocyanines themselves
remain, most likely, uncharged. In these compounds,
fullerenes exist in the radical anion state (1) or form dimers
(C60

–)2 bound by one С—С bond (2). As a result, these
compounds can be presented as binary salts containing
two types of anions {MIIPc(An–)}•(C60

•–)•(PMDAE+)2.
The both types of anions form layers retained together by
the cations. The packings of molecules with different
shapes is achieved by the insertion of large fullerene mole�
cules between the phenylene groups of the planar phthalo�
cyanine molecules. As a whole, the ionic complexes of
fullerenes with phthalocyanines strongly differ from the
earlier studied ionic complexes of fullerenes with metal
porphyrinates. Metal porphyrinates (M = Zn, Mn, Co,
Fe) are characterized by the formation of positively charged
coordination structures (D1

+)n•MIIPorph (n = 1 or 2),
which compose ionic complexes with the radical anions
or dianions of fullerenes. On the contrary, metal phtha�
locyanines coordinate negatively charged ligands and
the ionic compounds with fullerenes are formed as binary
salts. The π—π�interactions between the porphyrin
macrocycle and five� or six�membered cycles of fullerenes
represent another specific feature of the ionic ful�
lerene compounds with metal porphyrinates. No these in�
teractions are observed in the case of phthalocyanines
and instead the dimers {MIIPc(An–)}2 with the strong
π—π�interaction between two phthalocyanine planes
are formed.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 09�02�01514).
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